Abstract. The detection of water leakages in water distribution system has always been a challenge in the water industry as most water pipelines are laid foot underground which are normally unseen to human naked eyes until water starts to flow out from roads and creates puddles. The age in pipelines network is a major problem and the reduction of these has become a major priority for pipeline authorities around the world. This project method are developed based on pressure transient by using single pressure transducer and analyses on newly method of analyzing called synchrosqueeze wavelet transform (SWT) which is viable approach to detect and locate the leak in pipeline system. Transient analyses offer a plausible route towards leak detection due to their robustness and simplicity. The result show that newly developed techniques, SWT appears to improve the ability of the method to identify features in the signal.
Introduction
Water loss is common problem that occurs in all water supply system. Most urban areas throughout the world are losing 30 to 50% of their water supply to leakage. An investment in repairing leaks, purchasing new pipes and maintaining existing and new pipe structures would pay for itself in conserved water in a few years. For example, Mexico City's water system loses 1.9 billion cubic meters of water every year due to leakage [1] .
A significant part of the recent literature concerns the application of hydraulic transients in leak detection. For example, a number of previous studies deal specifically with the use of transient analysis. For example, Brunone [9] and Brunone and Ferrante [10] , utilize the approach based on the detection and location of leak reflected pressure wave in the transient signal. While simple to apply, background noise can complicate the leak reflection signals. As with Brunone [9] , Beck et al. [11] exploited the disturbance in the pressure signal caused by the leak and used an extension of crosscorrelation analysis techniques to locate the position of a leak.
More recently, studies by Ferrante and Brunone [12] and Ferrante et al. [13] use wavelet analysis to detect local singularities due to presence of a leak in the measured transient signal. Al-Shidhani et al.
[14] also performed wavelet transforms on experimental and simulated transients in pipe systems. The technique identified singularities in the simulated data, however when the same analysis was applied to the experimental data, the expected results did not agree with the lengths found in the network.
More recently, many engineer and researchers interested using wave deflection from water hammer analysis for leak detection techniques [2] .This method used pressure waves which is called pressure transient causes by quickly opening and closing a valve and known as water hammer that a pressure fluctuation in pipeline due to a change in the system. When pressure transient create the wave encounters a features of test rig such as a leak or connection, the additional points can create and measured by using single pressure transducer. The signal analysis work reported here continues the method of analysis transient signal by using newly signal wave developed known as synchrosqueeze wavelet transform, which adds synchrosqueeze belongs to the family of time-frequency reassignment methods and is a nonlinear operator that "sharpens" the time-frequency plot of a signal's continuous wavelet transform so that it provides more useful information about the instantaneous frequency (IF) [3] .
Signal Processing Method

A. Synchrosqueeze wavelet transform
Synchrosqueezing transform is a time-frequency signal analysis algorithm designed to decompose signal into constituent component signal processing analysis with time-varying oscillatory characteristic. In application signal analysis of form arise naturally in numerous scientific and engineering Synchrosqueezing was shown to be an alternative to the Emprical Mode Decompostion (EMD) method with more firm theoretical foundation. EMD is a signal processing analysis for analyzing and decomposing natural signals. This gives advantage for synchrosqueezing that can extract and delineate components with time-varying in spectrum. Both EMD and synchrosqueezing, it allows for the reconstruction of this component. However, synchrosqueezing can be perfect signal processing analysis transform of the classical TF transform [4] . The signal processing analysis such signal f (t) has the general form;
Where the component fk(t) = Ak(t) cos(2πɸ(t)) is a Fourier oscillatory mode, probably with timevarying amplitude and frequency, and e(t) represents noise. The objective synchrosqueezing is to recover the amplitude Ak(t) at the instantaneous frequency (IF) ɸ'k(t) for each k.
Synchrosqueezing represent the largely invariant to choice of the mother wavelet, and the main differences practice due to wavelet relative concentration in time and frequency. There are three different complex Continuous wavelet transform (CWT) mother wavelets for filter signal analysis. These CWT mother wavelets are, Morlet (shifted Gaussian), Complex Mexican Hat and Shifted Bump [4] .
Pipeline Network Simulation
The first design model is straight shape that is a pipe without resistance that is reflection point as shown in Figure 1 . The model consists of the pipe, which include one leak area. The design of the straight shape model was a simple as possible in order to validate the identification approach. The
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second design model is U-shape that pipe consist resistance elbow junction as shown in Figure2. The model consists of the pipe, which include two leak areas. The pipes used are Medium density polyethylene (MDPE) pipe with diameter 1-inch. In this experiment, To generate a pressure wave or water hammer that travels along the pipeline at speed of sound, a solenoid valve have used for opening and closing. The speed of sound for MDPE pipe was 950 m/s in transverse wave motion. The inlet pressure was set to 1bar or 2bar depend on the experiment and the outlet 0 bar. The experiment was conducted at steady state system operating and system flow rate of about and 1.923x10 -3 m 3 /s. In order to create the effect of leakage into the test rig system, control valve with diameter 4 mm has been installed at the leakage area pipeline. Single pressure transducer located as close as possible to the solenoid valve in order to show pressure time response once the pressure transient has been created. The measuring instrument for data capture used data acquisition from National Instrument at sampling frequency of 1 kHz to capture any change in the steady-state operating. The raw data will be capture by using software Dasy Lab and then data will be analysed using signal processing analysis synchrosqueezing method from software Mat lab. The results from synchrosqueezing method will be identified by using formula distance to localization the location of leakage feature in the pipeline.
Fig 2. Schematic diagram U-shape for test rig leakage detection
The direct transient analysis or known as leak reflection method (LRM) have been used to detect and locate the leakage in the pipeline [2] . The aim of this experimental work is to show that it is reasonably by used signal analysis to locate the leakage in straight shape and U-shape pipeline test rig. This experimental setup has been constructed in the Fluid Mechanics Laboratory, Faculty of Mechanical Engineering, Universiti Malaysia Pahang.
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Result and Discussion
The time/pressure result from Synchrosqueeze wavelet transforms simulation shown in Figure 3 and Figure 4 . Fig. 3 . Synchrosqueeze wavelet transform analysis after filter with leak at pressure 1 bar for straight pipe MDPE Fig. 4 . Synchrosqueeze wavelet transform analysis after filter with leak at pressure 2 bar for straight pipe MDPE From this experimental using MDPE pipe, the speed of sound was calculated as 950 m/s. By knowing the distance of the reflection point from the end of the pipe and the speed of sound that pressure waves travel in the pipeline, we can determine the location of the leak. This is the time taken for waves to propagate along the pipeline network to the reflection point and return back to the measuring section there is pressure transducer in this experiment. If this time is multiplied by the speed of sound and divided by two, it gives the location of the leakage.
To identify and located leakage in the pipeline, by divided the time with sample size, for example the experiment MDPE straight shape used 1000 sample and frequency rate at 1 kHz in Dasy Lab. The operation time cycle gives 1000 sample/second mean that if leakage peak occur at 2.759 second, this value divided by 1000 sample and the answer is 0.002759 second. The time 0.002759 second is multiplied by the speed of sound for MDPE is 950 m/s and divided by two, the leakage distance is 1.31 m. The time corresponding for Figure 3 shows that the first reflection point is 2.759 second for leak and 4.27 second for outlet of the pipe, which gives a corresponding analyzed distance of 1.31 m for leak point and 2.02 for output point. Compared to the actual leak for leak point is 1.32 m and for outlet point is 2.07 m, the measuring point from pressure transducer and the error is about 0.5 % for figure 4 shows that the first time corresponding reflection point is 2.794 second for leak and 3.9 second for outlet of the pipe, which gives an corresponding analyzed distance of 1.31 m for leak point and 1.85 for outlet point.
The error is about 0.5 % for leak point and for outlet point giving and accuracy about 8.4 %. From the result that observed, the localization experiment test for MDPE straight shape at 2 bar outlet error is high at 8.4 % compare to 1 bar outlet error is 2.5%. Because of this situation, the pressure in 2 bar is high in test rig pipeline and the outlet point flow rate is low at 2.66 x 10 -4 m 3 /s compare to pressure at 1 bar with flow rate of 1.923 x 10 -4 m 3 /s. To overcome the problem due to high error 8.4 %, the actual outlet point is at ball valve due to low flow rate in pressure 2 bar. The measured distance for ball valve is at 1.82 m and error for ball valve at 1.6 %.
Conclusion
In this paper, the flexibility in use single pressure transducer can detect leakage in pipeline and can apply in pipe hydrant by using pressure transient techniques have been shown to offer an entirely new way of pinpointing leaks. The result confirmed that synchrosqueeze wavelet transform analysis can identify leak and feature in simple pipeline systems for both simulated and experimental signals.
